INTRODUCTION
============

Actinic keratosis (AK), or solar keratosis, is an intraepidermal neoplasia induced by chronic exposure of the skin to ultraviolet radiation.^[@r1]-[@r3]^ Considered the third most frequent disease in dermatologic consultations in the United States (US) and the fourth in Brazil, it represents the number one dermatosis in the elderly.^[@r4],[@r5]^ Its prevalence is variable, ranging between 11% and 25% in northern hemisphere countries, while in Australia it is between 40 and 60%.^[@r6]^ In the US, it has been estimated that 58 million individuals have AK, resulting in more than one billion of dollars in treatment costs.^[@r7]^ Epidemiological studies in our country report a ratio between 2.9 to 13.4% in prevalence, according to population and geographic area.^[@r3],[@r5],[@r8]^ It is a major public health problem due to the cumulative risk of evolution to invasive squamous cell carcinoma (ranging from 0.6% in the first year up to 10% in the period of 10 years) and its associated potential morbimortality.^[@r6],[@r9]-[@r14]^ It is important to note that: (i) up to 60% of squamous cell carcinomas (SCCs) are originated from an AK and (ii) AK diagnosis is found on perilesional sun damaged skin of 97% of SCCs.^[@r13],[@r15]^ Clinically, AKs are slightly rough, erythematous or pigmented lesions, 2 to 10 mm in diameter, eventually hyperkeratotic, with few symptoms, in chronically sun exposed skin. Middle-aged adults and elderly are more commonly affected, mostly those with fair skin (Fitzpatrick\'s classification I-III) and male predominance.^[@r3],[@r14],[@r16]^ AK is highly prevalent in immunosuppressed patients.^[@r3],[@r17]^

In terms of treatment, two modalities can be used to treat AKs: (i) direct destruction of the lesion (cryotherapy, shaving, curettage and eletrocoagulation, laser) and (ii) cancerization field treatment (5-fluorouracil (5-FU), imiquimod, diclofenac gel, photodynamic therapy, ingenol mebutate).^[@r15]^ The need to include the field-directed approach is recommended by guidelines of some countries when the number of of contiguous lesions is greater than two or three in a 25 cm^2^ area.^[@r17]-[@r21]^ This is supported by the concept that subclinical dysplastic lesions are present in the circumjacent area chronically sun exposed and has the potential to progress to invasive SCC.^[@r16]-[@r18]^

Among efficacious treatment options in the literature for AK and field cancerization, ingenol mebutate (IM) gel is a novel agent, approved in 2012 by the Food and Drug Administration and European Medicines Agency.^[@r10]^ Since March 2016, it has been available in the Brazilian market.^[@r22]^ It consists of a macrocyclic diterpene ester derived from the *Euphorbia peplus* plant sap, with a dual mechanism of action: (i) direct and fast cell necrosis due to mitochondrial membrane rupture of proliferating keratinocytes and (ii) neutrophil and antibody-dependent specific cellular cytotoxicity, a process that might eliminate remaining eventually dysplastic keratinocytes.^[@r7],[@r23]-[@r26]^ It is recommended to be applied on a 25 cm^2^ skin area once a day for two consecutive days on lesions on the trunk or extremities (0.05% gel) and once a day for three consecutive days for those on the face and scalp (0.015% gel). The efficacy for AKs on the face, scalp, trunk and extremities is confirmed by four randomized placebo-controlled trials.^[@r27]^ Treatment duration is much shorter (2-3 days) in comparison to treatments recommended for weeks to months such as imiquimod, 5-FU and diclofenac.^[@r27]^ For that reason, patient adherence to this new therapeutic option tends to be higher.^[@r10],[@r20]^ Long term (12 months) tolerability and safety of ingenol mebutate for the treatment of AKs have been evaluated in four phase 3 studies.^[@r27]-[@r29]^ In Brazil, 100 patients have been evaluated in a randomized trial comparing the 0.015% ingenol gel (n=50) with 5-FU cream (n=50).^[@r30]^ Ingenol gel was considered safe in facial lesions and both the duration and local skin reactions in this group were shorter.^[@r30]^ Mid- and long-term follow-up studies in Brazilian and Latin American patients have not been performed yet, neither observational ones including larger number of cases and other body sites treated, such as the scalp, for instance.

The purpose of this study was to evaluate the safety, tolerability and patients\' perspectives, related to the therapeutic success of managing AKs on the face and scalp with ingenol mebutate gel in Brazilian individuals.

METHODS
=======

Participants and Study Design
-----------------------------

A retrospective, descriptive, observational study was performed in 68 areas of AKs on the face and scalp (grade mild to moderate) treated with ingenol mebutate (IM) including a total of 37 patients. This research involved individuals attending an outpatient dermatologic clinic, participants of a study on skin disease in the elderly, at the municipality of Jundiaí, São Paulo, in the period of July 2016 to May 2017. The following variables were considered: sex, age, race, skin type according to Fitzpatrick\'s classification, personal history of skin cancer, previous treatments for actinic keratosis, anatomic area treated and estimated number of lesions per 25 cm^2^ field. Exclusion criteria were: women of childbearing age without an efficacious contraceptive method, suspicion of a basal cell or squamous cell carcinoma less than 10 cm distance of the target area, hyperkeratotic or cryotherapy-resistant lesions (more than two sessions) on the target area, patients on corticosteroids, immunomodulators, retinoids, keratolytic agents, immunosuppressors, chemotherapy, ultraviolet B phototherapy, or other available options for the approach of actinic keratosis.

Procedures
----------

The treatment of all patients followed a standard procedure. A medical history and a complete skin examination (whole body skin examination), including inspection of the scalp and palmo-plantar area. After (i) clinical and dermoscopic diagnosis of at least three AKs on a target area of the face or scalp (25 cm^2^), (ii) characterization of the cancerization field (visible photodamage surrounding AKs) and (iii) absence of clinical conditions that could interfere with ingenol mebutate evaluation, the treatment of 0.015% ingenol mebutate gel was proposed. After the decision to initiate this pharmacological approach, the patient was informed about dosage (once daily application for three consecutive days) and possible local skin reactions (LSR) due to the treatment, and a didactic and illustrative handout about the LSRs was delivered. The importance of the daily use of a SPF 50+ was emphasized, as well as the recommendation of photoprotection clothing, hats and sunglasses. LSRs were divided in six clinical parameters: erythema, flaking or scaling, crusting, swelling, vesiculation or pustulation, erosion or ulceration. The severity of each of these reactions was measured by a grading scale from zero (no reaction) to four (more severe), according to the intensity of the reaction. The composite LSR score was obtained by the sum of the six individual scores, with a maximum score of 24. A photographic record of the target area was routinely performed on the first day of drug application (baseline). Two other applications, on the two following days, were performed at patient\'s home, by a relative or caregiver, as previously oriented by the dermatologist to the patient and his/her companion. At days 4, 8, 15, 60 and 180, the patient was oriented to return to doctor\'s office for evaluation and photographic follow-up. At day 4, in particular, the composite LSR score was calculated. By the end of treatment we applied a questionnaire to the patient with five questions about his/her opinion about the treatment performed ([Chart](#t2){ref-type="table"}).

###### 

Questionnaire to evaluate patients\' perspectives related to treatment with ingenol mebutate

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **1. What is your opinion about the treatment?**
  optimum ( )  good ( )  regular ( )  bad ( )  very bad ( )
  **2. How much was the discomfort caused by the treatment reactions?**
  none ( )  slight ( )  reasonable ( )  intense ( )
  **3. What was the most troublesome adverse reation to treatment?**
  erythema( ) scales( ) crusting( ) swelling( ) vesiculation/pustulation( ) erosion/ulceration( )  pruritus( ) local pain( ) irritation( ) headache( ) none( ) other( ) unknown( )
  **4. What do you think of your self-steem after treatment?**
  improved ( )  did not change ( )  got worse ( )
  **5. What score (from zero to ten) would you give for the treatment?**
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ethical aspects
---------------

The present study was approved by the Ethics and Local Research Committee, identified as CAAE 61182716.6.0000.5412. All the procedures performed complied with the standards of Resolution 196/96 of the National Health Council. All individuals were duly informed and agreed with the procedures performed.

Statistical analysis
--------------------

All data collection was systematized using Numbers software, version 4.1.1, Apple Inc. Statistical analysis was performed through SPSS (IBM), version 21.0, for Mac OS system. The means and standard deviations of the variables age, composite LSR score and specific scores for face and scalp were calculated. The distribution of this sample did not establish normality. The Spearman test evaluated the following correlations: age versus composite LSR score, treated area versus composite LSR score, face versus composite LSR score and scalp versus composite LSR score. To evaluate the risk of LSRs in relation to the use of IM, a generalized Poisson regression model was used with the dependent variable composite LSR score and the covariates age, sex, race, skin type (Fitzpatrick), treated area of ​​the face and treated area of scalp.

RESULTS
=======

The patients studied had, on average, 68.81 years of age, with a standard deviation of 7.72, with a minimum of 49 years and a maximum of 85 years; men (51.35%), skin types II (64.86%) and III (24.30%), according to Fitzpatrick\'s classification, were the most common (64.86%) and the Caucasian race predominated (97.30%) with the exception of an Asian man. Almost half of the patients (48.65%) had a positive personal history of skin cancer - 89% of keratinocyte carcinoma and 11% of malignant melanoma - and most (54.05%) had been previously treated for actinic keratosis. The treated areas were nasal (33.82%), forehead (27.94%), malar (23.53%) and scalp (14.70%). In the vast majority (91.18%), the number of AKs was greater than five per 25cm^2^ skin area. Adherence to a three-day treatment with ingenol mebutate was 100% and nearly half of these subjects (40.54%) decided also to treat sequentially a second, third, fourth or fifth area with IM.

Local Skin Reactions
--------------------

The mean (±SD) composite LSR score in the 68 treatments was 8.61± 4.22). The highest score, individually, was for the item erythema ([Graph 1](#f5){ref-type="fig"}). In second place, in equal percentage, appeared swelling and crusting. The maximum composite score recorded was 19, which occurred in two treatments and the most severe case is illustrated ([Figures 1](#f1){ref-type="fig"}, [2](#f2){ref-type="fig"}, [3](#f3){ref-type="fig"} and [4](#f4){ref-type="fig"}). Three cases had a composite LSR score of 2, the minimum found in this study.

Graph 1Local Skin Reaction (LSR) Score

Figure 1(pre-application/first day of treatment). Day 1

Figure 2Patient follow-up (severe local skin reaction). Day 4

Figure 3Patient follow-up (severe local skin reaction). Day 8

Figure 4Patient follow-up (severe local skin reaction). Day 15

Age did not show a correlation with the composite LSR score (rho = -0.080, p = 0.521). There was a correlation between the composite LSR score and the treated area (rho = -0.371, p = 0.002). Subdividing the face (composite LSR score of 9.37±4.05) and scalp (composite LSR score of 4.30±2.11), the correlation between face and composite LSR score was significant (rho = 0.501, p \<0.001). In view of the correlation results, the association between variables of interest and the appearance of LSR was analyzed, the scalp being the reference when compared to the facial region. This presented 2.3 times the risk of a LSR ([Table 1](#t1){ref-type="table"}).

###### 

Association between local skin reactions (LSR) composite score and the covariates age, sex, race, skin type (Fitzpatrick), and treated skin areas (face and scalp)

  Variable         ß        df   RR      95% CI         *p*\*
  ---------------- -------- ---- ------- -------------- -------
  (source order)   1.684    1    5.390   2.04 - 14.19   0.001
  Age              -0.005   1    0.995   0.98 - 1.01    0.386
  Sex              -0.177   1    0.838   0.70 - 1.00    0.051
  Race             0.347    1    1.414   0.76 - 2.64    0.276
  Fitzpatrick      -0.019   1    0.981   0.85 - 1.13    0.796
  Face area        0.844    1    2.325   1.68 - 3.21    0.000
  Scalp area       0        1    1       \-             \-

Note: \*generalized Poisson regression model was used with the dependent variable composite LSR score. ß: beta coefficients; dF: degrees of freedom; RR: Relative Risk; 95% CI: 95% confidence interval.

Patients\' Perspectives
-----------------------

Regarding the patients\' perspectives about IM treatment, 75.68% of them considered it great (Q1); discomfort with the treatment (Q2) was reported as reasonable in 40.54%, and 13.51% of the patients denied any discomfort from the treatment ([Chart 1](#t2){ref-type="table"} and [Graph 2](#f6){ref-type="fig"}). Of all ten adverse reactions studied (Q3), erythema and local pruritus, in the same percentage (16%), were the ones that most disturbed the patients. The report of no adverse reactions was also recorded by five patients (14%). Almost all patients (97.30%) reported improved self-esteem after treatment completion (Q4) ([Graph 2](#f6){ref-type="fig"}). The final score (0-10) referring the treatment (Q5) reported by the patients ranged from 7 to 10, and 9.4 was the global average.

Graph 2Patients' perspectives. Answers obtained by the questionnaire at the end of treatment.

During this study no serious adverse events were recorded. There was no need for urgent/emergency care and a single case of local acute bacterial infection was diagnosed and promptly treated with oral azithromycin. Self-administration of analgesics (single dose of dipyrone) was performed by three patients due to mild headache. Regarding the need to use other systemic medications, no drug has been prescribed for any reason related to IM treatment.

DISCUSSION
==========

This study evaluated clinical safety, tolerability, and patients\' perspectives regarding the use of ingenol mebutate gel for face and scalp AKs. The results of this study reproduce the findings of the international literature.^[@r10]^ The severity of local cutaneous reactions was mild to moderate in most cases (mean composite LSR score was 8.6±4.2). These results are similar to those obtained in four multicenter randomized controlled trials (mean composite LSR of 9.1±4.1) and in Brazilian individuals (mean composite LSR of 10.8±3.1).^(\ 27,30)^ It is important to mention that LSRs occurred in a very predictable manner, regardless of degree. Both the peak of total score (usually on the third or fourth day of the application) and skin recovery time to baseline (around the 15th day) occurred as observed in previous studies. It is appropriate to emphasize that the risk of LSR was 2.3 times higher in treatments on the face than on the scalp. This finding may be useful in the therapeutic decision of which area to address first, both regarding the aesthetic discomfort and the uncertainties related with the use of a new drug.

AK prevalence increases with aging. No difference in safety profile in distinct age groups occurred in initial analyses for ingenol mebutate approval.^[@r10],[@r31]^ Subsequent studies have corroborated these data, even in investigations involving populations with a mean age of 72 and 74.5 years.^[@r32],[@r33]^ In our study as well, no correlation between age (mean of 68.81 years) and composite LSR score was observed and discomfort caused by treatment reactions was reported as mild to moderate by 71% of patients; 14% of the sample reported no discomfort at all. The fact that adherence to treatment was 100% and 98% of patients answered (Q1) that the treatment with the ingenol gel was great or good leads us to presume that although the LSRs are significant, they are tolerable and transient and success is achieved. The improvement in self-esteem (Q4) occurred in 97% of patients and demonstrates the visible secondary benefit of this drug, which has not been yet thoroughly studied, in the attenuation of photoaging.^[@r34]^ This is also confirmed by the fact that almost half the patients (41%) decided to treat in sequence a second, third, fourth or fifth area with IM, as observed in our study.

Regarding the systemic absorption of ingenol mebutate, two phase 1 (NCT00659893) and phase 2 (NCT00852137) safety studies have analyzed, respectively, dose escalation and pharmacokinetic evaluation, after application of the gel at 0.05%, for two consecutive days on an area of 100 cm^2^ of the forearm.^[@r35]^ As a result of this research, there was no systemic absorption of ingenol mebutate (and its two metabolites) and a good tolerability profile was observed at a concentration four times higher that recommended in clinical studies.^[@r35],[@r36]^ This evidence supports the safe use of this drug even in patients in advanced age, with multiple comorbidities and under the use of numerous medications. In our study, involving a group of 37 patients who underwent treatment of almost 70 areas with MI, no systemic event or need for other medical care was recorded.

Like any chronic illness, adherence to long-term treatment is often a problem. Although several therapeutic options are available to treat AKs, both the direct approach of the lesions and the management of cancerization field are, in clinical practice, a challenge. In general, all approved modalities for this disease, pharmacological or not, involve some degree of discomfort, itching or pain for the patient. In addition, they often cause local reactions ranging from erythema, crusts, blistering, and even skin erosion. Occasionally, even systemic reactions can occur with the use of imiquimod, for example. Notwithstanding such drawbacks, the duration of treatment is usually long, ranging from weeks to months. Furthermore, from a psychological point of view for the patient, an aggravating factor is that most of the lesions involve the face, an area of ​​great aesthetic relevance. Thus, abrupt changes in appearance, may significantly affect social and professional routine of these individuals. Finally, it is extremely important to address the cost issue concerning different available field-directed therapies. This consideration, in our view, needs to be quite critical. The complete cycle of treatment and the significant possibility of non-adherence should be valued. It occurs in more than half of the patients 3 to 4 weeks after the start of the medication and reaches almost 70% in treatments of 4 to 8 weeks.^[@r20],[@r37]^ Treatment duration and its adverse effects are considered the most preponderant predictive factors of non-adherence.^[@r20],[@r37]^ Therefore, when considering the efficacy of a drug, which was established in randomized clinical trials (RCTs), one should also estimate the real risk of non-adherence in longer modalities.^[@r20],[@r38]^ As a result of this, clinical follow-up studies are also necessary in the post-marketing phase.^[@r39]^ Due to the fact that ingenol mebutate has a two or three consecutive-day regimen, patient adherence rates are often close to a 100% (as observed in our study).^[@r27]^ The efficacy of IM in clinical practice ("real world") has been shown to be equivalent to that established in RCTs.^[@r27],[@r40]^ Recently, an international consensus of eight US, Brazilian, European and Australian AK expert dermatologists has concluded that shorter and better-managed treatments have the potential to substantially increase effectiveness in the real world.^[@r41]^

There were limitations in our research. Local skin reaction score varies over time, from zero to peak and return to baseline. The ideal would be a daily patient follow-up to determine the maximum composite LSR score more precisely. The questionnaire to evaluate the patient\'s opinion after the end of the treatment was made by phone by the researcher himself. Perhaps, this result could be different if applied by someone else. The study covered more than one area treated in several patients. In the majority of patients, the treated area had more than 10 AK lesions per 25 cm^2^ field. The degree of perception of improvement by the patient could eventually differ if there were fewer lesions per field. Slightly more than a third of the patients had not previously been treated for AK, which limited the comparison parameter between IM and other therapeutic modalities.

In our study, five factors, perceived during direct contact with patients, were predictors of successful management of face and scalp AKs with ingenol mebutate: (i) short-term treatment with rapid and predictable recovery of the skin after the LSRs; (ii) trust in the physician and his/her availability in the attendance of any doubts or events that arose during the reactions; (iii) application of the gel by the dermatologist in the office, and in the presence of a patient\'s companion, at least on the first day; (iv) clear and assertive patient information about AK (chronic character, ultraviolet radiation, risk of malignization, cancerization field, different modalities of approach, LSRs, costs) and (v) alignment of patient expectations regarding use of IM.

Future studies could prove, in prospective studies, whether the treatment of cancerization field effectively reduces the incidence of SCC and its associated morbidity and mortality. The possibility of treating areas larger than 25 cm^2^ with IM would be very useful in the clinical setting. Additionally, further investigation of the effect of IM on cutaneous photoaging would be quite interesting, since the improvement of skin appearance is commonly observed and reported by treated patients.

CONCLUSION
==========

The treatment of face and scalp AKs with 0.015% ingenol mebutate gel was considered safe and tolerable in Brazilian subjects. The perspective, from the patients\' point of view, was positive, with a high rate of adherence to treatment and a great improvement in self-esteem.
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